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(57) Abstract: An electrode for fuel cell, such as electrode for solid polymer fuel cell, having three-phase interfaces arranged therein 
in an efficient fashion so as to exhibit enhanced fuel cell characteristics. In particular, an electrode for fuel cell comprising a porous 
electron-conductive material carrying a catalyst and, arranged on the surface, including pores, thereof or in its vicinity, a proton-con- 
ductive substance characterized in that the proton-conductive substance is one obtained by carrying out coupling or polymerization 
of a proton-conductive substance precursor, a proton-conductive monomer or an equivalent thereof on the surface or m the vicinity. 
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^^^M^^Il^I (PEFC. Polymer Electrolyte Fuel Cell) (4s ISt&ftlfK 
?iH (DMFC, Direct Methanol Polymer Fuel Cell) fc^^ffi WM^tlTV^ 

T J — K : H 2 -^2H + + 2 e " ; 

^y-K: l/20 2 +2H + +2 e --+H 2 0 ; 

<£RJS : H 2 + l/2O 2 ^H 2 O 0 

r©mi»r±, («*.tfH 8 &tfo a fci?K ^k/ (h + ), xotop 

(e~) <Dg^SrlH#t- : fT5-i:^-et5Hti^®^. »*i<*ltEItS 

K*a«!fejKJi^fetLT N »M*^y/7^WNa f i on (S» 
V>fe*l,-C^3 (Will M.S. Wilson fe, J. Electrochem. Soc. 139(2)(1992) 28-30 
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$ fefc, M^*?r»JL-CHti^M^^i:<iH*t-S^^s #|M 2 0 0 2 
- 1 0 0 3 7 4*&«fc£teM^£*LTV^. 

3tEfcSSLTV^5fflf^f©5Efi?(^fc«X)*!:tttt«rBail^5■«:5 - t bti^o 

wh, #12002-10037 4^mm^(D^mn, 'j?mKi®7Ltcmm$:tiL 

WX^mWlStZ ~k^£<0<$}^£< HtiJ?-ffiSr!t#ti"5 So b^b* 

Sfcfc, **W<OBWtt, -biaS^^P^t, Xtt±ElftO<|l^ ±IEM 

y ^ ^ P y — ^— ifcjNB^Lrt^feftfeiiSriBtti^So 

h^e^tt^y^-Sr-^tfyn 



WO 2004/017446 PCT/JP2003/010399 

jyfctf)K:te> #389!# fetes UlT©3SWS:^WUfc. 

^©sti^D h ye^tt® i ^sat t x ^ 5Mt*/B tit* & o -c , mm? 

6 &m&^i- % <o & & v\» 
<3> ±|E<l>Xr±<2>K:*5VN-C. Pt,XttPt-Rutfe 

< 4 > ±1B< 1 >~< 3 XT^-f^^^T, #?Lttm^fc«tt*tW> 

# _ # ^ ■%^?mm*fcm®itfPr t? *> s <& # * v \ 

<5> ±|s<4>ic*5Vn-c, *-t:yl#7Ultf^tWSit 

^7 5^ 7-fefU^?y^N ^777^ K *-#y77^f^- 7J-#^ 

< 6 > ±JE< 1 >~< 5 ><&vvf*i*K:*5^-t\ ^©sp^as i o 
maKT v ff*t<ftlnm-l|ini, ±0jfSU«l nm-1 0 Onmtffc 

< 7 > ±|E< 1 >~< 6 >(DV^-rtb^^*5V>-C, 7"Pf WH^W^ « 
KlS^Pio-C, ^SgSXte-^i^f, #{;i^F^fe^mL^<7)/$s£ 
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<8> ±|E< 1 >~< 7 XD^-fhfrfc&^X. ^n-l>y«llt t£ 

o> ±ia< i >~< 8 >^-fti^-:£v>-c, yni^ye»I!t * 

(-SO3H), y yiS, ;m#A-*>^S£*-r5<^£v\ 
<10> ±I5< 1 >~< 9 x&wffta^^T, 7° n h 

^ ; v*yti (-SO3H), yy®s, ^^^^ssr^s^n 

< 1 1 > _blE< 1 >~< 1 0 XD^-ffrfrfcis^X h^fc#'l»SCte:> 
<1 2> ±|B<1 1>^*3V>"C, fyfsittftfit 

< 1 3 > ±IE< 1 >~< 1 2>©v^n^©«S»«^**«:^"t" 

< 1 4 > ±IB< 1 >~< 1 2 >ov^tid^^J|s|-«?i&ffi«ffiSr^-f-5@^iSi 

< 1 5 > _hia< 1 >~< 1 2>(D^-rn^(DmMmmm , mm^-t^^^. 

<i6> mm^uw^tc^n^n^^^^. mn^m^^^j^ 
a z<DS&m [c/n> ^fem^ y ^ - & aa« u t & 5 «8i -c & o -c , 

Mfa^p b^«t£*°y^~^ fy^^^-xi«©f»W 

<i7> ±ie< 1 6 x-*5v^-c, mm\$ik&mtem~?foz><D&j:<, 

<18> ±IB<1 6>Xfi<l 7>t*5VN-C, ftMEtt* Pt,»iPt-R 

< 1 9 > ±1B< 1 6 >~< 1 8 >OV^-f n^^*5V^T, #?L'14«^^ttW 



WO 2004/017446 „ PCT/JP2003/010399 

< 2 0 > ±|E< 1 9 >K*5^T, #-#v^#?Lt4tt^e*fe«H*. *~ 

< 2 1 > _h!E< 1 6 >~< 2 0 X^T^^^T, ^(7)2pi£j# 
1 0 /zm^T\ jfflKlilnm-liim, £ «9 L < 1 n m~ 1 0 0 n 

<2 2> ±1B< 1 6 >~< 2 1 XDVvftL^Kl&l^ 7*P h U 

IMMiaot, ^^ffiXli^iS^ #«?Lft7>feMJU 

<2 3> _LfE< 1 6 >~< 2 2>tf>^-f*l^33^T> ^ d b U 
<2 4> _L12< 1 6 >~< 2 3 >©V^TH7J^-*5V>-C, ^ n h >"js^14^ U 

< 2 5 > ±IE< 1 6>~<24> O^ftL^OMliitt^ttSM 

< 2 6 > ±1B< 1 6 >~< 2 4 >©V^tLd»©JI»S«?fe^**4r 3 &i'S0# 

< 2 7 > _h!E< 1 6 >~< 2 4 >OV^i 2^ tl^'7)Mmm^m^^*-t-5li:^ 
<2 8> a) ttJKSr^TLttm^ilMttt-S^fi^i-SXS, b) #««^- 

<2 9> a) jftjK^^attm^vtt^Kiawri-sxSs &^-cb) 
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<3 0> a) ^^#?Lte«^5«tt*f^^S^i-5Xm, &V>T*c) #b 

Iff t5 WtftiS®®®*^ 
<3l> b) #?U£*^#t£##^ 3W7L<DftffiSr-&tr*ffiXtt-t©3S» 

<3 2> b) #«m^*f4«-^, ^?LO*ffi^tf*ffiX^^^M 

< 3 3 > c ) &K&n*m*mttt**&*±-+*tt* #^-e a ) g** 
<3 4> c) #attt^fiitt*w*i^fct5ia, *v^b) 

<3 5> ±|a<2 8>~<3 4><DV^^t-feV>-C, b) lilt #?U4 
<3 6> _tlB<2 8>~<3 5>£*5V^ »7L(D*ffiSr*tr 
<3 7> X1E<2 8>~<3 6>fc*3V^ ^nbyeMf«t5 

lie, ^&m*fcm$mn^*^*--^*^^^ R^fD-;n^p 
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< 3 8 > ±1B< 2 8 >~< 3 7 >K1*5V^ jttl4*il»it'fe5©#i 
<3 9> ±»<2 8>~<3 8>fc*5Vvr, ttifttfts P t, XttP t-Ru 

< 4 0 > ±!B< 2 8 >~< 3 9 >wrtlirtZ*3^X, #?Lttm^5*tt*t 
<4 1> ±B<2 8>~<4 0>K:*5VvC, *-#>-*#7L&m^*ft«- 

<4 2> ±E<2 8>~<4 1>©V>fW^t, ^<D^*&# 
#10i»m£rF, «b<»lnm~l/,m, i?ff4L<lilnm-100n 

<4 3> ±|B<2 8>~<4 2>(^V^tL^*5VN-C, T^P 
fi, llttttffKiot, *t»*1BXH:*©ffi», bftv> 

<4 4> ±e<2 8>~<4 3>OV^-T*t36»K:Jav^, ^nh^filttM 
<4 5> iE<28>~<44>OV>fil*WC, bV^ttil 

<4 6> ±E<2 B>-<4 5>OV^HA»K:*5V^ 
tt, (-SO.H), ^SIS, Xtt^^^^fc^^^P b ■ 

<4 7> ±IB<2 8>~<4 6>©Vv?*L*K:*3VvT\ ^^WW 
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<4 8> ±|B< 2 8 >~< 4 7 XD^-ftl^C&^T , /nfyeiMI 

< 4 9 > ±|B< 2 8 >~< 4 8 >©Vvf"Hi&*0>Vvf tl^O^fe^ <t t) 

< 5 0 > ±IE< 2 8 >~< 4 9 ><75V^ ^Kl*3V>T, 

<5i> a) «iiSE*#attm : f-e*ttw»^&J*i"5xs % b) 

<5 2> a) ttjKSr^TL&m^e^WtW^^fi^i-SXe, 2fcWT?b) #?L 

#7Lttm^^*14W^ i 1" 5 x@> £ ^ri~ 3 om&Jjfeo 

<5 3> a) MI$r#?Ltt^«ttM£fflM5lS, &^T?c) #b 

<5 4> b) ^?Li4m^-fH^tt*t^^ > ^?L^^ffi^"atf^®X(±^coM 
<5 5> b) #?Ltt®^fc#14$t$-<^ ftlTLO^ffiSr^tr^BXtt^©^ 
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< 5 6 > c ) tt&nttmmtfttMG&tirzxms a^-c a ) 
<5 7> c) &&&m*mmmtm*m*ftt'+*^ #^r-b) 

<5 8> ±|S< 5 1 >~< 5 7>OV>-f^H:.*3V^, b) XS»±, #?Ltt 

< 5 9 > ±|B< 5 8 >fc*5l^C, SUSit *B*L<0*tS fc^MmXtt* 

<6 0> _h!B<5 1 >~< 5 9 >OV>f.^^*»t i 9 #bilfcI»tJlll 

< e i > ±ia< s i >~< 6 oxd^m^^x, m&ft&mnmmm 

gift, HttWfiitt^fc^*'"*^ 9 ^ lfciBv^fc^fciP* 
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0 4tt, Wfcfl 3 OME A - 3 j8 = H= 2 OME A - 4 ©i»t* 

w ^gM± 5 ©^ i ©Mil 

(D & ® 5£# * * T # % © -e 5 o 

^©K^WBftiffcWe-i^**- ****** l^v^fcfTOlfc, 
«fc****M^»*: LT^SiWMfc***** Xtmte**«&**fc* 

*»«KJl^&ift**Att«^*19^^ *©*Ha*tt# 1 0 0~ 1 0 
0, 0 0 0 S/cmT*fc5©i 5 <tV\ 

7r-^^y^, 7tf^^5y^ try^^s-fjyt (SftS*) * 
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Jl53&-#y^7 y ^ © W-*»3Li« 1 0-3 0 nmffctK *3SWttwH 

<Dmw mummz-ate) assise Lfcm> ^^^^^t^x^xn^n^o 

Ut, ESlESHfc (IBKll^hy^^, I«8*!)fA*if) fc^&PtfS-i:* 5 
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? }) ^xjVTfri/mi-hv (sms), p ^u^^j^^m-r v y (s s 

S), T^UA* (A A) ft^;Ty/VT^> 7!);^M^ 7 ^ v *^* 
**>-^, *^l/^***^SL T^D^TUWM- 

-/l^fcitf*^*^ *^*>»*^©»163Es 7^*>wvgfrafofli£ 
m. It, 20, 30, 4J»T5>'©J:5'te»4aKs StSi&ftS*^^'-* 5 

/v) /^^ffiv^r^tf^o by 

i-s*^*"y ^-xte=*°y ^--cfc*. **5. = #y^-<z>#£\ _hiE^/^ 

rt^b«EttlU*v>0!?#J:v> o Will MiliT'pf^ 
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mwtms. mMM} tits mmm# r*j x« r»*tt* 

ft** % FyMlf^. ^©-ffi^^B (*EB?L*®^'ats > ) 

^r^^^^^a^lil^^M^. 5 ^nttt^SJxfcHffi^ffi^^S— ft«t-7- 

x w: - ft&^-x te^tib oM^Pf tstts^tms. 
gut ht*-#^7^ l^fflvN^m-^^M 

y * 1 ©»7L*tf P t 3 $ tit 5 0 M^7^l®i 

@l©(b)(±,@l©(a)©-^6^^7^^-'fbtt3t^7 ((b) 
fc*^T£»l?*L-r^5) WLt^5@tfe5o -*ttfeo#*^o 

13 
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01O (c) |* s 01© (b) ^-#^7^10-»7^T* 
(c) ^L-CV>5o ft^9Xli^l*t5W, 

wmtisTm^bftZo ^ipc, mi© (a) k^-c, -*«mc:ia^T 

ft****©* ^?L^tf*®^f-t:\ /of^f^lMtSm c) # 

*G\ ^©b) -1) It^S^mS. IP*>, b) -1) #?Lttm^- 

MO^ft ^Ol^^t (a-»b->c), a) ttiSS:- 
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*** 3 ft ( b a - c ) it . b ) *M*««»tt*m^ 

*4ft (b-c-a) kit, b) #3Ltt«W»tt#m«>, 

m^m (c-*a^b) ^t, o 

**tf*IB3E*-e, ^ab^»f«t5Ig^t, a) #?Lttm^ 

ft*. *i*~ie*ob) xwmv^ b) -D H^K^t? 
**ttMRrts©#J:v\, fr*, xiBb) li^b) -i) 3^5^ * 
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&f li-Cfc 5 ^ f n -;l,S^$At 5 Igi, |g^^n-7VS (~CH 2 0 

fiU-CH,SO,Ht*«t5^^«. ^Bhyfi*tt»Wt 
(AT B S N CH 2 = CH-CO-NH-C (CH 3 ) -CH 2 -S0 3 H) 
t -7?-A,*;vib^m. (PATBS) »5:HK't5 0 



**B*«fc«K:*<5#, *fcKi#b<«Wi-5^ *»Wti***«K:»* 

mmm 1 ) 

#7Ltt«^ttWt Lt^-^V^y ^ (XC - 7 2 (C a b o tttK)) 
20wt%Pt^^7^ (XC-7 2 (E-TEK|±S)) 
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OH 

OH 



mCft, <K*-*^ B*^tt#tt/ 64(6X1991)378-385) 

CHr OH) ClA^ot. Pt»-#>7'7^, * ;VA7;Vft F 
**tt, WL4#b70W24lWIR)S** 

a-/v!iAtiA-llr#fco 
tfiMfe*^-*^ 7^^7?Kt-^^*^ (ATBS) 
14, *V^«tt, Wvx^/U*^**** (4- 4 6mmo l/g) **Ti-<5. 

H CH 2 =CH H 

f J + Ce ,V -^-| |6H+ C e m +H + >" f ]6H * 

08 CB CH 2 -CH CB (2) 




CB 



h Ah 

H + Ce 1 ' 1 + H + >- f I H i 

OB 



mma*. Tsubokawa b (N. Tsubokawa et al., J. Macromol.Sci.-ChemA, 
25(9X1988)1159-1171) ©:fr*fc*V\ Ce (IV) ^©UK^^ 

A-1W0. Smol/L ATBS^/^Xtf^^ ^ t0 ' 2m 
o 1/L Ce* + ****P*- S#l^b3 0ra^m. R*** *^ 

*StfcPATBSHPtfi»*-#^^B-l*#*:. PAT 
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5n*^«f3tt5FT-IR«ft©#**^^ PATBS^P t^^^ 
(»J2) 

#7LM^t4TO^T4 9. lwt%PtWyfx^7^ (ffl 
^Pf tllil Pt, 46.1% on KetjenBlack EC, Lot No. 102-0291, KT, 

rTEC10E50Ej tISi-) &/Bl>fc. TEC10E50E K:, £jfcm i: «I*R* 
©^fe^J;^> ^ P _;H^AL, pt^d-;v£^ATEC10E50E (A-2) 

^^ n _ /1/S ^ ATE C10E50E A- 2(^^7K£»lL-T?*#U £<bK:P 
TF E£-$Clj£ (PolytetrafLuoroethylene 60 wt% dispersion in water, Aldrich 
tfc«) SrS^LTfttfU h#)D-l£#fc 0 h^D-l£* 

f i o n 1 1 2SrlNmK*3itJ5^S*"e^b^ 1 t>©*ffl VN ^- 

«#ftg|I-l^*y-KG-ia8J:tJtTy-FH-lT?*^ 130°C, 2 
MPatl^FI*'^/^^^ MEA-1 (ME A : membrane electrode 
assembly) £r#fc D 
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ay^u — )\> 1 ©MEA- 2 



PCT7JP2003/010399 



F-l i li^CO^^i" 5 F - 2 &JBl^ 0 
H«4 2 COME A— 1 *5 =« > h n-/V 1 COME A— 2 KloVvt\ * 1 fc* 

^&5 = 



S1 S*«2CMEA-1 fc^^^hPHUCMEA-Z 








* V- K 


P t fim 
(mg/cm 2 ) 




P t El 
(mg/cm 2 ) 




MEA-1 


Naf ion112 


0. 3 6 


tiiL 


0. 1 9 


fey * 


MEA-2 


Nafion112 


0. 4 8 


& L 


0.19 





poly-ATBS <D7=7? HM^ 

PEMFCir/V (ElectroChem fcfcjSL) CMEA- lXttME A- 2 rSiU 

C0#, IOSN 2 »b7;-K(iH 2 ^ (lOOmL/^), *y-HttO a 

(5 0 0mL/#) KHD0#*.-C, */uftfc***#*^«*^fc- 
fl;^ (1 0 0 0mA/cm 2 ) Sr^KflEUSfe*** I-V««lMftLfc. I 
-V«j£H\ 0~1 0 0 0mA/cm z ©W50 [mA/cm 2 ] / 3 0 s e 

H3K33^t,OttMEA-lt?Jb^fttMEA-2-efc5.MEA-l (O) 
ft, Jt«WAff**«ttffi4r*bTV>S c Sfc, MEA-l (O) t ME A— 2 
(•) iWt^, ^7M^^«AUPoly-ATBS« 
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mmm 3 ) 

mmm2tmm^^x, ^p-/vs*atecioe5oe (a- 2) &mt 0 * 

iAL, 3 5°C<7)«_L-e4 S£-Rj£&fToft„ R£**T«, 

V\ PATBS^P tm^^-^^^7S/^B-2%#fc 0 

P AT B Sla'aP tfijl*-^7^B-2 i <b £r*i# Lfc 0 
r.iX(C^ Na f i o (Nation perfluorinated ion-exchage resin, 5 wt% 

solution, contains 15-20% water) %MZ-Xm 3 O^mWiW^c £ fei-> P T 
F E ^-ffc^ (Polytetrafluoroethylene 60 wt% dispersion in water ^ Aldrich *± 

3 £#fc 0 

KG _ 3 tissue jy- kh- i&£x$mmwmi - 1 ^inn^^at 

^i-Sk^WI LT, HWJ 2 t MEA-3^r#7Co 

(^yfp- a- 2) 

nyfn-;V2©MEA-4^^Ibt 0 =yH3-;V2CMEA-4lt P 
tII^*5M, =^ b o— /H COME A— 2 £ [s^^HfigSr^ bfc 0 
mW13<DMEA~ 3&£U=i> hP-^2 0MEA-4tOV^, ^2^ 
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|2. £lfcfiH3tPMEA-3fccfci;3> t-D-;U2CDME A- 4 







7/-K 


* v— K 


P t ss 

(mg/cm 2 ) 


hl □ 


P t MS 
(mg/cm 2 ) 




MEA-3 • 


Nafion112 


0.41 




0. 4 3 


fey * • 


MEA-4 


Nafion112 


0 . 4 0 




0. 4 3 





I-vmfet±s 1 0 0 0mA/cm 2 Oiin 0.^lltt, 0 ~ .1 0 0 
mA/ C m 2 ©«10 [mA/cm^/lOsect^tH, 3 B#IW# 
OiESrWSbfe. «*©3B*Sr Tafel y b Lfc (H4#»). fc*3» Tafel A 

54, ^T^st (i) ©i^i-S< ::£^-e#5o 

Tj = blog 10 i 0 -blog 10 i * ( 1 ).o 

H4KlS3V>Ts ♦fiMEA--3T'fc!), SfiME A- 4 "CfcSo 7^yf^ 



^3. MEA-3&tfMEA-4(D Tafel jS/*^ — ft 





1 o g t o i o 


-b (V/dec) 


i 0 (A/cm 2 ) 


MEA-4 


- 5 . 8 2 


0 . 0 7 9 


1 . 5 E- 0 6 


MEA-3 


- 5 . 0 2 


0 . 0 9 2 


9 . 5 E- 0 6 
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(♦) tMEA-4 (•) i o (y^iit) tttMetZk* me 

A _ 3 (♦) ftjmtbZZ. t&t>t*Zo wtUd^fe % ME A- 3 (♦) tt> ^77 
MP t dS^TSbflJffi$HTV>5 r.fcasj5Mfe£ai/5. — 1o, ME A— 4 (•) tt. 
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